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TRANSDUCER FOR FERROELECTRIC STORAGE MEDIUM 

FIELD OF THE INVENTION 

The present invention relates to the transducers used in data storage systems. More 
specifically, the present relates to a transducer for use with a ferroelectric storage medium. 
5 BACKGROUND OF THE INVENTION 

Increased storage capacity in magnetic recording has traditionally been addressed 
through improvements in the ability to store information on a particular storage disc with 
an increased areal density, e.g., decreasing the size of the inductive write element and read 
back sensor in a magnetic recording system. Until recently, these prior art approaches have 
10 been adequate for increasing the storage capacity of magnetic recording discs. 

Typically in magnetic recording, the magnetic vectors of ferromagnetic domains in 
a storage medium are arranged in a coherent manner to store data. For example, if the 
vector direction between adjacent domains is reversed, a binary "1" can be stored. 

The areal density in magnetic recording technologies has now reached 60 to 70 
15 Gbit/in in certain magnetic storage medium, and is increasing at a rate of between 60% 
and 100% per year. Further, data rates are increasing at a rate of approximately 30% to 
40% per year. However, one limitation of magnetic storage technologies is due to the 
ferromagnetic domains themselves. As the size of the ferromagnetic domains are reduced 
in the storage medium in order to achieve higher packing densities, the anisotropy energy 
20 of the magnetic domain decreases. Below what is known as the "superparamagnetic" limit, 
the thermal energy can overcome the magnetic anisotropy such that it is not possible to 
record data. 

Ferroelectric materials also have domains. However, with ferroelectric materials, 
the domains are formed by charged regions rather than magnetic vectors. Ferroelectric 

25 domains can be formed much smaller than magnetic domains and are capable of yielding 
much higher storage densities than magnetic storage mediums. 

Various techniques can be used for reading back data stored on a ferroelectric 
storage medium. One technique which can be used to readback data uses the piezoelectric 
properties of the storage mediiun. However, this technique cannot operate at the high 

30 frequency necessary for high data rates, for example above 1 MHz. Another technique 
uses a scanning nonlinear dielectric microscope (SNDM) in which a lock-in amplifier is 
used to measure the nonlinear dielectric properties of the storage media. However, this 
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technique also suffers from limited data rates because the lock-in sampling rate must be 
approximately ten times the data rate. 

SUMMARY OF THE INVENTION 
A transducer for use with a ferroelectric storage medium includes a read electrode 
5 configured to carry an electrical charge of a first charge polarity proximate a ferroelectric 
domain of the ferroelectric medium having a second charge polarity. During readback, if 
the first and second polarities have the same orientation, the polarity of the medium will 
not change. However, if the polarities have opposite orientations, the ferroelectric domain 
will change polarity and an electrical current will flow in the read electrode. If desired, a 
10 subsequent write operation can be performed to write back information following a read 
operation. The write operation can be to the same domain, or to a different domain. In one 
aspect, a slider is provided which includes the transducer. A disc storage system is also 
provided which includes such a slider. 

Other features and benefits that characterize embodiments of the present invention 
15 will be apparent upon reading the following detailed description and review of the 
associated drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a front plan view of a ferroelectric transducer for use with a 
ferroelectric storage mediimi. 
20 Figure 2 is a graph of polarization charge versus polarization voltage for a 

ferroelectric readback mechanism. 

Figure 3 is a front plan view of the transducer of Figure 1 including an outer shield. 
Figure 4 is a front plan view of a ferroelectric transducer which includes a write 
electrode for use with a ferroelectric storage medium in accordance with the present 
25 invention. 

Figure 5 is a block diagram showing the transducer of Figure 1 coupled to 
transducing circuitry and positioned proximate a storage medium. 

Figure 6 is a front plan view of a ferroelectric transducer which includes an outer 

shield. 

30 Figure 7 is a front plan view of a ferroelectric transducer which includes an outer 

and an inner shield. 



STL 11246.00 



-3- 

Figure 8 is a front plan view of a ferroelectric transducer showing another 
configuration of an inner shield. 

Figure 9 is an isometric view of a disc drive in which embodiments of the present 
invention are implemented . 
5 Figure 1 OA is a graph of interference height versus time showing the wear-in of a 

slider. 

Figure 1 OB is a graph of wear depth versus time showing the wear-in of a slider. 
Figure 1 1 A is a side view of a slider carrying a ferroelectric transducer proximate a 
ferroelectric storage medium. 
10 Figure 1 IB is an enlarged view of a trailing edge trim region of the shder of Figure 

11 A. 

Figure 12 is a perspective view of a ferroelectric storage array in accordance with the 
present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS 
15 In general, permanent storage devices in present use rely on magnetic hysteresis 

effects. For example, the magnetic vectors of magnetic material carried on a disc surface 
can be oriented in different directions to encode data. The data is read back by sensing the 
orientation of the magnetic field and decoding this measurement to recreate the stored 
information. There is an ongoing drive to reduction in bit sizes to achieve greater storage 
20 density. However, the size of the domains used in the magnetic storage medium are 

approaching to the minimum achievable size which is limited by thermal stability. In other 
words, as information density increases, the magnetic orientation becomes unstable. One 
altemative media that can be used to achieve higher storage density is a ferroelectric 
storage medium. Such a media may provide storage densities which are greater than 1 
25 Tb/inl 

One problem associated with ferroelectric storage medium is the method used to 
recover stored information. One solution is to use a transducer 10 having a small read 
electrode 12 as shown in Figure 1. Electrode 12 is polarized and is moved over the surface 
of a storage medium in a direction indicated by arrow 30. This can be used to read back 
30 information which has been stored on the medium. When the medium has an electric field 
which has a similar orientation as the electric field on the read electrode 12, there will be 
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no change in the electric fields and no current will be output from the read electrode 12. 
However, if the polarity of the read electrode 12 is opposite of the polarity of the medium, 
the polarity of the medium will be flipped and switch directions such that a much larger 
cxirrent is emitted from the read electrode 12. Figure 2 is a graph of polarization charge 
5 versus polarization voltage which illustrates this effect. Thus, the action of reading back 
the data destroys the stored information such that it cannot be recovered in subsequent 
readback operations. One technique which can be used to address this problem of erased 
data is to use the same read electrode 12 to write information back to the ferroelectric 
storage medium. In such an embodiment, a charge is placed on electrode 12 of sufficient 

10 magnitude to impress a similar field orientation on a domain of the storage medium. 

Further, as illustrated in Figure 3, a shield 32 can enclose the electrode 12 to reduce noise 
and improve spacial resolution. 

Figure 4 is a front plan view of a transducer 10 for use with a ferroelectric storage 
medium in accordance with another example embodiment of the present invention. 

15 Transducer 10 includes a read electrode 12 and a write electrode 14 adjacent the read 
electrode 12. When the transducer 10 moves across a storage medium, write electrode 14 
trails the lead electrode 12. The problem of destroying data during readback is addressed 
by the present invention which utilizes the write electrode 14 to re-write the data following 
reading of the data with the read electrode 12. The re-written data returns a domain on the 

20 ferroelectric storage medium to its condition prior to the read operation. 

Figure 5 is a block diagram showing transducer 10 positioned proximate 
ferroelectric storage medium 20 and coupled to transducing circuitry 22. Transducing 
circuitry 22 includes read circuitry 24 and write circuitry 26 which are both coupled to 
controller 28. Read electrode 12 comprises a small electrode which is moved relative to 

25 ferroelectric storage medium 20 in a direction indicated by arrow 30. 

During operation, read circuitry 24 polarizes read electrode 12 by placing a charge 
on electrode 12. When the electric field from the medium 20 proximate read electrode 12 
has the same orientation as that of the read electrode 12, there is no change in the 
orientation of the ferroelectric medium and no current flows. However, when the polarities 

30 are opposite, the polarity of the medium 20 will be flipped. This causes a small current to 
be emitted from the read electrode 12. Read circuitry 24 detects this current and provides a 
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signal to controller 28. The controller 28 actuates write circuitry 26 to polarize write 
electrode 14 as write electrode moves over the domain of the medium 20 that read 
electrode "flipped". This causes the write electrode 14 to re-write the data onto the 
medium 20 that was destroyed by the read operation. Thus, the data on the surface of 
5 medium 20 is recovered by directing the direction of the electric field from medium 20, If 
the electric field is oriented in the same direction as that from read electrode 12, the 
polarity is the same as that of read electrode 12 and no current is sensed. If, on the other 
hand, a current is detected, the electric field of medium from the domain proximate read 
electrode 12 is in the opposite direction of that from read electrode 12. Data is recovered 

10 by monitoring the presence or absence of current. 

The current detected by readback circuitry 24 when the orientation of the electric 
field and ferroelectric medium 20 is flipped is relatively small. For example, if the bit 
spacing in medium 20 is 10 nm by 10 nm, only about 500 electrons will be emitted which 
is a charge of 8x10"^^ coulombs. Thus, even a small amount of noise can seriously degrade 

15 the readback signal. Various techniques can be used to reduce noise in the readback signal. 
For example, Figure 6 is a front plan view of an embodiment of transducer 10 which 
includes an outer shield 32. Shield 32 can be electrically grounded and used to reduce the 
noise sensed by read electrode 12. Shield 32 prevents stray signals or fields from reaching 
read electrode 12. 

20 Figure 7 is a bottom plan view of transducer 10 in accordance with another 

embodiment of transducer 10 to configure to reduce noise sensed by the read electrode 12. 
In the embodiment of Figure 7, in addition to including an outer shield 32, an inner shield 
34 is provided and positioned between read electrode 12 and write electrode 14. This 
configuration reduces noise or other interference from write electrode 14 sensed by read 

25 electrode 12. For example, the write operation performed by write electrode 14 can be 
sensed by read electrode 12 causing an error during readback. Figure 8 is a bottom plan 
view of transducer 10 showing a similar embodiment in which inner shield 36 extends 
along the entire distance between the walls of outer shield 32. This provides yet further 
isolation of the readback signal from write electrode 14. 

30 In Figures 4-8, the read electrode 12 and the write electrode 14 are shown as 

having the same width. However, these widths can be controlled as desired. For example. 



STL 11246.00 

-6- 

in some embodiments it may be desirable for the read electrode 12 to be wider than the 
write electrode 14. 

The various electrodes and shields illustrated in Figures 4-8 can be fabricated of 
metal and are preferably of a material having a relatively high conductivity. The materials 
5 are preferably in a dielectric, such as an oxide. The transducer 10 can be fabricated in 
accordance with any appropriate technique. For example, fabrication techniques used in 
the manufacture of magnetic transducing heads can be employed. The transducer can be 
employed with any type of storage medium. For example, the transducer is well suited for 
use with a disc storage device. 

10 Figure 9 is an isometric view of a disc drive 100 in which embodiments of the present 

invention are useful. Disc drive 100 includes a housing with a base 102 and a top cover (not 
shown). Disc drive 100 further includes a disc pack 106, which is mounted on a spindle 
motor (not shown) by a disc clamp 108 and includes a plurality of discs 107. Disc pack 106 
includes a plurality of individual discs (storage media), which are mounted for co-rotation 

15 about central axis 109. Each disc surface has an associated disc head slider 1 10 which is 

mounted to disc drive 100 for communication with the disc surface. In the example shown in 
Figure 9, sliders 1 10 are supported by suspensions 1 12 which are in tum attached to track 
accessing arms 1 14 of an actuator 1 16. The actuator shown in Figure 9 is of the type known 
as a rotary moving coil actuator and includes a voice coil motor (VIM), shown generally at 

20 118. Voice coil motor 1 1 8 rotates actuator 116 with its attached sliders 110 about a pivot 
shaft 120 to position heads 1 10 over a desired data track along an accurate path 1 22 between 
a disc inner diameter 124 and a disc outer diameter 126. Voice coil motor 1 18 is driven by 
servo electronics 130 based on signals generated by transducers 10 (not shown in Figure 9) 
carried on sliders 110 and a host computer (not shown). 

25 The transducer 1 0 illustrated in Figures 4 and 6-8 can be used in the disc drive 1 00 

shown in Figure 9. In such an embodiment, an air bearing surface (ABS) of the transducer 10 
is directed toward the surface of a disc 107. This air bearing surface is shown in the plan 
views set forth in Figures 4 and 6-8. By reducing the spacing between the transducer 10 and 
the surface of the disc 107, the storage density can be increased. Further, the configuration of 

30 transducer 10 illustrated in Figures 4 and 6-8 has a number of advantages. The design is 

relatively simple and there are no issues related to the "throat" height of the transducer. In the 
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design of magnetic transducers, throat height is a critical dimension which must be accurately 
controlled. However, throat height tolerance is not a design constraint of the transducer 10 of 
the invention because flux from the transducer 10 cannot leak from the structure. Such 
leakage can occur in a magnetic recording head. Instead, the shield configurations illustrated 

5 in Figures 6-8 confine the electric field. The side flinging of the ferroelectric transducer 10 of 
the present invention is less than in comparison to conventional magnetic recording heads 
because the shield of the present invention can be maintained at the same potential as the 
storage medium 20. In contrast, the side shields used with magnetoresistive heads tend to 
draw flux from the main pole thereby increasing side fringing. This increases the production 

10 yield of the transducer 10. Further, current magnetic transducing heads have difficulty 

generating a sufficiently large magnetic field to write data onto a thermally stable magnetic 
medium. In contrast, the ferroelectric transducer 10 of the present invention can generate 
electric fields which are far in excess of that which is required for writing data. 

In view of the above advantages of the ferroelectric transducer 10 of the invention, it 

15 can be seen that the distance requirements between the transducer 10 and the medium 20 is 
significantly relaxed in comparison to magnetic transducers. In one aspect, the present 
invention includes a slider which allows for a certain amount of wear to occur at the head 
during normal operation. Figure 1 OA is a graph of interference height versus time and Figure 
1 OB is a graph of wear depth versus time which illustrate a slider wearing into an 

20 equilibrium point during normal operation. In Figures lOA and lOB, this equilibrium is 
reached in about 2.5 hours. Using such a configuration, manufacturing tolerances can be 
relaxed and the slider can go through an initial wear period to reach an optimum fly height. 

Figure 1 1 A is a side view of slider 110 proximate storage medium 107 and Figure 
1 IB is an enlarged view showing a trailing edge trim region 200 of slider 110. Slider 1 10 is 

25 one example configuration of a slider for carrying a ferroelectric transducer 1 0 in accordance 
with the invention. The slider 1 10 shown in Figures 1 1 A and 1 IB is configured to contact the 
recording medium 107 during an initial wear-in period until a equilibrium is reached. 
Preferably, any debris generated by the wear-m process does not adhere to the slider 1 10 or 
otherwise cause head crashes. Further, the height (i.e., depth in a direction into slider 1 10) of 

30 the electrodes 12 and 14 (see Figures 4 and 6-8) should be sufficiently large to withstand the 
wear-in. The configuration with trailing edge trim region 200 ensures that transducer 10 
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remains at the lowest point of slider 110. The transducer 10 is relatively insensitive to throat 
height variations due to wear. Any debris from wear can collect in trim region 200 without 
interfering in transducer operation. In the embodiment shown in Figures 1 1 A and 1 IB, the 
slider 1 10 has an air bearing surface (ABS) 202 which faces the storage medium 20. Typical 
5 air bearing slider designs used with magnetic storage medium can be utilized with the 
ferroelectric transducer of the invention. However, any appropriate configuration can be 
used. 

The length of the trailing edge trim region 200 can be optimized to obtain the desired 
proximity between transducer 10 and medium 107. For example, the transducer 10 can be 

10 located near the step 204 that defines the trim region 200. The trailing edge trim region 200 
can comprise a notch in the trailing edge of the slider 110, for example in an alumina 
encapsulation layer, and is used to minimize the interference between the slider 1 10 and the 
storage medium 20. For the ferroelectric transducer 10 of the present invention, it is 
preferable that the transducer 10 be placed close to the medium 20. Therefore, the trim region 

15 200 is preferably close to the transducer 10 such that only a small amount of wear is needed 
to place the transducer 10 at the low point of the slider 110 closest to the disc 107. As wear 
occurs during operation of the storage system 100, the trailing edge trim region ensures that 
the transducer 10 remains at the lowest point of the slider 1 10. Further, the trailing edge trim 
region 200 can also provide a repository for wear debris. Any debris will collect the trim 

20 region 200 because it is recessed from the head/disc interface defmed by the transducer 1 0 
and is downstream from the transducer 10. The geometry of the trailing edge trim region 200 
can be optimized for proximity recording using texturing or other techniques and by 
controlling how the contact area changes during the wear-in period. 

The embodiment shown in Figures 1 1 A and 1 IB of slider 1 10 is for example 

25 purposes only. Any slider configuration which places the transducer 1 0 in close proximity 
with the storage medium 20 (such as disc 1 07) can be employed. In another example 
embodiment, the transducer 1 0 is placed on a pad which protrudes from the air bearing 
surface 202 of slider 110. 

Figure 12 is a perspective view of a ferroelectric storage array 250 which illustrates 

30 another example implementation of a storage system which utilizes the present invention. In 
the ferroelectric storage array 250 of Figure 12, an array 252 of ferroelectric heads 10 is 
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positioned adjacent storage medium 20. In the configuration shown in Figure 9 the array 252 
in the medium 20 are planar and extend generally parallel with each other. The array 252 
comprises a plurality of read electrodes (not shown in Figure 12) which are operably coupled 
to connectors 256. The storage medium 220 is coupled to at least one actuator 254 which is 

5 configured to move the medium 220 relative to array 252. This movement causes the 

ferroelectric heads 10 to be moved relative to the individual ferroelectric domains on array 
20. If the transducer 10 is configured similar to the configuration illustrated in Figures 1 or 3, 
a single electrode 12 can be used with each head 10. One technique which can be used to 
address the issue regarding erased data is to maintain at least one sector on the storage 

10 medium 20 which is available for writing data during a read operation. This available sector 
is thereby used to reproduce the data which is being destructively read back. 

It is to be xmderstood that even though numerous characteristics and advantages of 
various embodiments of the invention have been set forth in the foregoing description, 
together with details of the structure and fimction of various embodiments of the 

15 invention, this disclosure is illustrative only, and changes may be made in detail, 

especially in matters of structure and arrangement of parts within the principles of the 
present invention to the full extent indicated by the broad general meaning of the terms in 
which the appended claims are expressed. For example, the particular elements may vary 
depending on the particular application for the ferroelectric transducer while maintaining 

20 substantially the same functionality without departing fi-om the scope and spirit of the 
present invention. In addition, although the preferred embodiment described herein is 
directed to a disc storage system, it will be appreciated by those skilled in the art that the 
teachings of the present invention can be applied to any storage system which utilizes 
ferroelectric techniques without departing from the scope and spirit of the present 

25 invention. 

In one embodiment, an electrode depth of 20 nm is used. The depth is easily 
implemented using current fabrication techniques. Shallower depth can also be used, for 
example 5 nm. The transducer width can be determined by a lithographic process, for 
example, lithography 40nm with an electron beam. The height of the transducer can be 
30 several microns, and is limited by lithography. Typical spacing from the medium ranges 
from 50nm to lum. Thus, in one specific example, the read electrode may have a thickness 
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of 5 and 20 nm and a height of several microns, for example. The write electrode may 
have a thickness of 20 to 40 nm and a height of several microns. Example spacing between 
the read and write electrons can be between 50 nm and 1 \im. 



